°C for 1 hr prior to use. TLC plates were exposed to X-ray film overnight at -70 °C and radioactive lipids were scraped and quantified by liquid scintillation counting.
an early loss of rod cells that is followed by loss of cone cells, and the pathological phenotype for this loss is apoptosis (5) (6) (7) . The induction of cell death is a highly regulated process and can be suppressed by a variety of extracellular signals (8;9) . The ability of trophic factors to promote survival is mediated, at least in part, by the PI3K (1;10-12) . Activation of PI3K is a critical step in signal transduction pathways triggered by a variety of extracellular stimuli (13) . The lipid products of PI3K serve as second messengers to recruit specific phospholipid-binding proteins to the plasma membrane and control the activity and subcellular localization of a diverse array of signal transduction molecules (14) .
In Drosophila, the IR serves an important function in guiding the development of retinal photoreceptor axons from the retina to the brain (15) . The IR also influences the size and number of photoreceptors in Drosophila (16) . In C.elegans, the IR regulates neuronal survival (17) .
The high degree of IR signaling homology among C. elegans, Drosophila and humans suggests functional conservation of the IR in the mammalian retina. In humans, defects in IR signaling in the central nervous system are associated with Alzheimer's disease (18) (19) (20) . The lack of IR activation leads to neurodegeneration in the brain/neuron-specific IR knock-out mice (21) .
The retina expresses PI3K, which is regulated through the light-induced tyrosine phosphorylation of the IR in vivo (22;23) . Light-induced activation of the retinal IR is independent of insulin secretion, and the light effect is localized to photoreceptor neurons (22) . These results suggest that there exists a cross talk between phototransduction and other signal transduction pathways. To dissect the stage of the phototransduction cascade that is coupled to the activation of the IR, we examined IR phosphorylation in three knockout mouse models which are deficient in either phototransduction or the ability to form functional rhodopsin. In the present study, we demonstrate that light-induced tyrosine phosphorylation of the IR requires the photobleaching of rhodopsin, but not transducin signaling. We also show that the light-dependent IR activation occurs in rod, but not in cone, photoreceptors. These studies suggest that and kept on ice for 10 min followed by centrifugation at 4 ºC for 20 min.
PI3-kinase assay. Enzyme assays were carried out as previously described (27 
GST pull-down experiments.
Pull-down experiments were carried out as described (28) using 5 µg of GST-fusion proteins that had been 
RESULTS

IRs are localized to plasma membrane-
Bovine crude rod outer segments were subjected to FICOLL gradient centrifugation to isolate ROS disks (30) . ROS, plasma membrane, and isolated disks were subjected to Western blot analysis with anti-IRβ, anti-Glut1, and anti-opsin antibodies.
The results indicate that IR, Glut1, and opsin immunoreactivity was present in the ROS (Fig. 1 ).
IR and the plasma membrane marker Glut1 immunoreactivity was enriched in the plasma membrane fraction of the ROS ( 
Light-activation of the retinal IR in vivo-
To determine if light has an effect on PI3K activity and phosphorylation of the IR, rats were dark-adapted overnight and half were exposed to normal room light for 30 min. Retinas were quickly removed, homogenized, and the lysates were subjected to ROS preparation or immunoprecipitated with anti-IRß antibody, and PI3K activity was measured. ROS membranes that were prepared on discontinuous sucrose gradients showed greater PI3K activity in light-adapted rats compared with dark-adapted rats ( Fig. 3A and B) .
When retinal homogenates were immunoprecipitated with anti-IRß antibody, PI3K activity was higher in immunoprecipitates from light-adapted compared to from dark-adapted rat retinas ( Fig. 3C and D) . Collectively, these experiments suggest that the PI3K activity associated with the ROS membranes is activated through the IR. and insulin (Fig. 3) . (Fig. 6A) . IR was recovered from retinal lysates stimulated with insulin in vitro (Fig. 6A, control) . Total IR content was examined with anti-IRß antibody (Fig. 6B) .
Binding of IRβ to p85 (N-
The proteins were normalized based on the opsin content which was used as an internal control (Fig.   6C ). To ensure equal amount of fusion in each pull-down, the IRß blot was stripped and reprobed with anti-GST antibody (Fig. 6D) . These results suggest that photobleaching of rhodopsin is necessary for IR phosphorylation.
Insulin activation of IR phosphorylation in
RPE65
-/-mice-RPE65 -/-mouse retinas were stimulated with 1 µM insulin in organ cultures, after which the retinas were lysed and subjected to GST pull-down assays using the p85 (N- Densities were calculated from the respective immunoblots and the results are expressed as phospho-IR/total IR. In control mice, we observed a significant increase in the IR phosphorylation from light-adapted retinas compared to darkadapted retinas (Fig. 9A) . In heterozygous opsin +/-mice, the IR phosphorylation was higher but not statistically significant in light-adapted retinas compared to dark-adapted retinas (Fig. 9B) , whereas in homozygous opsin -/-mice, the lightdependent activation of the IR was lost (Fig. 9D) .
These results suggest that the light-dependent activation of the IR may be regulated through rod transduction pathway, but not cone transduction pathway.
DISCUSSION
The experiments reported here show that The light-dependent IR phosphorylation in Trα -/-mice could also be due to cone transducin.
We addressed this issue using opsin -/-mice; these mice do not have rod function and are used to study pure cone function (25;37). Opsin-gene disruption has shown to affect the rod morphology and development (25) . At 15 days opsin -/-retinas contained a normal number of rod nuclei with inner segments, but outer segments failed to develop (25) . By 30 days, 10-15% and at 90 days, over 90% of rod nuclei are lost in these mice (25) .
We carried out our experiments in 3 week-old mice whose retinas still showed the presence of photoreceptor specific proteins such as transducin and arrestin (data not shown). We clearly showed that a light-dependent IR activation in these mice is absent, while light-dependent activation in wild type and heterozygote mice from the same litters 
